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Brief Description of the Invention 

The present invention relates to a method for 
producing soy protein having an improved thermal 
gel-property and protein fiber-forming ability. 

Soy protein is considered to be preferable to 
replace various food protein, for its low cost and high 
nutrition. However, even though soy protein having 
thermal gel-property have been found to be suitable to 
substitute other protein, its use is significantly 
limited so far. The reason of the limited use is that 
conventional soy protein is substantively not colorless, 
has a disagreeable taste, and that when it is use at a 
low concentration, it does not generate a perfect gel. 
The gel obtained by using conventional soy protein having 
thermal gel-property is a substance very sticky, 
sometimes auto-supportive, while it does not form a "gel" 
substance represented by gelatin gel. 
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Conventionally, soy protein was used for producing 
fiber. However, in the fiber-forming technology, it was 
common to solubilize protein with alkaline pH higher than 
pHll. As a result of the severe treatment of protein, 
some lowering of qualification occur to soy protein, and 
many preferable properties of protein, both physical and 
nutritional, are disrupted. Therefore, a method for 
producing soy protein without performing such severe 
treatment at first to form fiber was awaited. 

The object of the present invention is to produce 
soy protein products with pleasant taste, having thermal 
gel-property and excellent gel forming property. 
Another object of the present invention is to produce 
soy protein products capable of forming fiber without 
subjecting to severe solubilizing conditions at first. 
Other objects of the present invention will be evident 
from the following description. 

It was found that these objects of the present 
invention can be achieved by maintaining the slurry 
comprising soy powder and water to a pH from 3.5 to 5, 
during a time sufficient to solubilize solubilizing 
protein and carbohydrate. Soluble moiety containing 
protein and carbohydrate is separated from insoluble 
moiety of the slurry. The insoluble moiety is dispersed 
into water to make a slurry, and by adjusting its pH from 
6 to 11, the intended soy protein is solubilized. The 
solubilized soy protein is separated from the insoluble 
material in the slurry, precipitated by adjusting the 
pH to the isoelectic point of protein, and separated from 
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the supernatant. 

The term "soy powder" herein mentioned relates to 
a soy protein delipidated at a mild temperature. The 
soy powder can be represented by solvent-extracted powder 
having performed solvent removal at a low temperature 
or compressed-soy powder which has not used a high 
temperature for removal of soy oil. 

The term "isoelectric point" herein mentioned 
relates to a mean isoelectric point of soy protein to 
be isolated. 

The soy protein with pleasant taste having thermal 
gel property is prepared by mixing soy powder with water 
at a pH from 3.5 to 5.5, preferably 4 to 5 (pH of about 
4.5 is most preferable). The amount of water used can 
be about 2 to 100 part by weight per 1 part by weight 
of soy powder, preferably 2 to 10 part by weight per 1 
part by weight of soy powder, and most preferably 7 part 
by weight per 1 part by weight of soy powder. The pH 
of soy slurry after adding water to soy powder can be 
adjusted, but it is preferable to adjust the pH of water 
before adding to soy powder, and to adjust the pH of the 
slurry to the desired pH by adding water to soy powder. 
The temperature used may be lower than the temperature 
at which denaturation of protein occur, but a temperature 
of 40° C or less is preferable, and about 25° C is most 
preferable. The slurry is maintained to the desired pH 
and temperature during the following time period, that 
is for a sufficient time so that all the soluble substances 
comprising soluble proteins (albumin and albuminoid), 
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soluble carbohydrates and soluble salts are solubilized. 
Generally 30 min or less is sufficient to solubilize all 
soluble components* A time period of 30 min or more can 
be used, but it is found that the desired result is obtained 
with a time period less than 30 min, and extension of 
time is not preferable also from the point of view of 
economic reason. 

The obtained soluble moiety is separated from the 
insoluble moiety by a common separation method, typically 
by filtration or centrif ugation within a time period as 
short as possible. The unnecessary soluble moiety is 
discarded, and the insoluble moiety including insoluble 
proteins, cellulose components and insoluble salts is 
suspended in water of 2 to 10 part by weight per 1 part 
of weight of soy powder to make a slurry. The water level 
is more preferably 2 to 10 part by weight per 1 part of 
weight of soy powder, and most preferably 7 part of weight 
per 1 part by weight of soy powder. The pH of slurry 
is adjusted to 6 to 8, preferably to 6.5 to solubilize 
the intended soy protein. The time period necessary to 
solubilize soy protein is usually less than 30 min. 

The solubilization of protein thus carried out 
enable the separation of protein from the remaining 
insoluble moiety . Soluble protein moiety is removed from 
such insoluble moiety by a common separation method. It 
is preferable that soluble protein moiety does not contain 
suspended substances to carry out the present invention. 
It was found that the suspended substances affect the 
transparency of the final protein product, particularly 
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at the time of gel formation. To obtain transparent 
protein gel, all suspended substances should be removed 
from soluble protein moiety. 

The pH of soluble protein moiety is decreased to 
the isoelectric point of the protein, that is about 4.5. 
The pH is decreased by adding acid stirring slowly, so 
that the acid concentration is not increased regionally 
(maldistribution of acid sometimes induce denaturation 
of protein in that region) . By adjusting the pH to about 
4.5, protein is precipitated. The precipitated protein 
can be separated from the supernatant by a common 
separation method. When necessary, extra acid can be 
removed by washing the obtained protein, but this process 
is not essential. When washing is performed, 2 to 100 
part of weight of water per 1 part by weight of precipitated 
soy clump is preferably used, most preferably 2 to 10 
part by weight per 1 part of weight of precipitated soy 
clump, and most preferably 7 part by weight per 1 part 
by weight of precipitated soy clump. 

The term B soluble" herein mentioned refers to a 
condition wherein protein is solubilized, that is a 
standard dispersion solution of protein in a condition 
being considered as colloidal suspension or dispersion 
solution . These terms are all well known by those skilled 
in the art and have all the same meaning. 

The precipitated soy clump obtained after 
precipitation of acid can be used in a wet form, but the 
product can be dried according to need , under a temperature 
condition that does not induce denaturation of protein. 
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The typical drying methods that can be used include 
lyophilization # vacuum-drum drying or spray drying at 
low temperature. 

The products obtained in a wet condition are white 
clump with pleasant taste, suitable for foods while those 
obtained in a dried condition are white, dried powder 
with pleasant taste , and do not have unpref erable , bitter 
and bean-like flavor that conventional soy protein has. 
When the product is suspended in water at a protein 
concentration of 14% , at room temperature (25° C), when 
the pH is adjusted and increased to 6.5, it becomes 
gradually sticky, and when pH reaches 6.5, the physical 
appearance of conventional soy protein having thermal 
gel property being heated at about 90° C appears. The 
protein obtained according to the method of the present 
invention form a gel when being heated at 100° C at a pH 
of 6.5, or at a concentration of 14%. This product is 
much more strong than the conventional soy protein gel 
being known so far, and is a gel with a pleasant taste, 
being optically transparent, and uniformly elastic, 
which splits on a smooth surface . When the gel is prepared 
at pH 6.5, Bloom strength was measured to be about 202 
by a standard gelatin Bloom Method, and the protein before 
thermal gelation has a viscosity of about 34153 Centipoise, 
when measured with a Brookfield viscometer comprising 
a spindle of 2.3 cm-diameter having rotated at a rate 
of 12 times per min. 

Another advantage of the protein produced according 
to the present invention, is that it can form fiber by 
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spinning during acid-coagulation bath at pH 6.5. This 
property enables to use protein without treating firstly 
the protein -with a high alkaline pH as it was needed 
conventionally in this field. Generally, conventional 
method maintained protein to a pH of 11.0 or more to give 
protein a physical form suitable for spinning. 

Protein products produced according to the method 
of the present invention can , most of the times , be useful 
to substitute gelatin when thermal irreversible 
gelatin-like products are desired, as their thermal 
irreversibility and physical appearance are equal with 
those of gelatin gel when heated at 90° C or more. Such 
uses include jelly-coating of canned meat and film. 

Another advantage of protein produced according to 
the present invention, is that when the soy protein is 
dispersed into water to make a dispersion solution of 
more than 10% protein concentration, and the pH of the 
protein dispersion solution is adjusted from 6.5 to 7.5, 
thermal reversible gel can be formed. At a concentration 
of at least about 13% , auto-supportative gel can be formed. 
The gel does not split on a smooth surface and its strength 
is similar to that of corn starch gel. When the solution 
or protein in a gel form is heated to about 65 to 85° C, 
and then cooled, an auto-supportative gel having similar 
appearance and strength with that of a fragile gelatin 
gel is formed. The strength of the obtained gel depends 
on temperature used to heat the first gel, and the higher 
is the temperature, the stronger the gel is. The gel 
obtained by heating the protein gel followed by cooling 
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melt when heating again to about 80to85°C / and regenerate 
by cooling. When heating the gel to 85° C, to obtain 
reversible gel, the gel should be cooled down immediately 
after having reached 85° C, as it will form a 
thermal-irreversible gel if exposed to a temperature of 
85° C even for a short period of time. When a higher 
temperature is used, the time period for exposing at the 
temperature used should be shorter. Preferably, the 
heated mixture should be cooled to about 25° C. As for 
a heating time period of gel at 65 to 85° C, a particular 
time period can be found. However, to obtain a 
thermal-reversible gel, it is necessary to perform an 
endothermic reaction, and the relationship between the 
temperature to heat the protein at the indicated pH and 
concentration and the time to maintain the protein at 
the particular temperature is completely in reverse 
proportion and the higher the temperature used is high, 
the shorter is the time needed. Table I shows the typical 
relation between time and temperature of a protein, with 
a concentration of 10% and 12%, at pH 6 . 5 , 7.0 and 7.5. 
(Table I) 



PH 


protein 
concentration 
(%) 


temperature 
(°C) 


time (min) 


6 . 5 


10 


70 


13-19 


6 . 5 


10 


80 


2-4 


6 . 5 


12 


70 


2-4 


6 . 5 


12 


80 


0-1 


7.0 


10 


70 


9-15 


7.0 


10 


80 


2-9 


7.0 


12 


70 


3-5 


7.0 


12 


80 


0-2 


7 . 5 


10 


70 


8-18 
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7.5 


10 


80 


1-7 


7.5 


12 


70 


4-8 


7.5 


12 


80 


0-2 



Some embodiments of the present invention are 
explained in the following with reference to the examples . 

Example 1 

350 g of solvent extracted-delipitated soy protein 
at a low temperature is added to 2,5 L of water adjusted 
to pH 4,5 (pH before extraction) by adding predetermined 
hydrochloric acid. By adding soy powder by stirring, 
the pH is maintained at 4.5. The obtained slurry is 
continuously stirred to maintain the pH at 4.5 for 35 
min . 

The slurry is centrifuged for 10 min at 700 RCF x 
G (relative centrifugal force x gravity). At the 
completion of centrifuge, the supernatant is discharged, 
and 1725 ml of water is added to the centrifuged clump. 
The substance is stirred to make a slurry, and the pH 
is adjusted at 6.4 (soluble pH) . The slurry is 
continuously stirred to maintain at 25° C for 30 min . The 
pH is maintained consistently at 6.4. At the end of the 
time period of 30 min, the slurry is centrifuged for 45 
min at 10000 RCF x G. The centrifuged clump is discharged, 
and the protein is precipitated by adjusting the pH of 
the supernatant at 4.5, by adding a predetermined 
hydrochloric acid (to avoid local effect, addition is 
performed slowly by stirring) . The obtained protein 
clump is white, has a form of paste, and comprises 25% 
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of protein (measured by standard Biuret method described 
in Analytical Chemistry, 33rd edition, 1961, p. 545 ) and 
75% of water. The centrifuged clump is diluted and the 
protein concentration is made to be about 14%. The cake 
generates an uniform gel being optically transparent and 
elastic, and having amber color. The resultant splits 
finely when the pH is adjusted to 6 . 5 and heated to 100° C. 
The yield of protein obtained by the above-mentioned 
method, is 45% of the protein in the powder. 

(Example 2) 

Another experiment is conducted using the method 
described in Example 1, while the pH before extraction 
and the soluble pH is different from the pH used in Example 
1. The following table shows various pHs before 
extraction, soluble pHs and the yield of protein obtained 
under various conditions (based on protein in powder). 



pH before 
extraction 


soluble pH 


yield % 


3.5 


6.5 


19 


4.0 


6.5 


52 


4.0 


7.0 


57 


4.5 


6.0 


22 


4.5 


6 . 5 


45 


4.5 


7.0 


^ 57 


4.5 


11.0 


84 


5.0 


6.0 


23 


5.0 


6.5 


34 


5.0 


7.0 


58 


5.5 


6.5 


41 



Example 3 

lOg of soy protein obtained in Example 1 is dispersed 
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in 90 ml of water, and the pH of the dispersion solution 
is adjusted to 6.5* The protein dispersion solution has 
a viscosity of-3700 Centipoise at 24°C, at pH 6.5. Next, 
the dispersion solution is heated to 70° C in 2 min, and 
maintained at 70° C for 7 min. When cooling to 23° C, gel 
having a viscosity of 48000 Centipoise is generated. 
When heating again to 80C, the viscosicty decreased to 
16000 Centipoise. 
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CLAIMS 



1 . A method for producing soy protein with pleasant taste 
having thermal property, by treating with aqueous slurry, 
wherein a slurry is formed by adding 1 part by weight 
of soy powder to 2 to 100 part by weight of water at pH 
3.5 to 5.5, the temperature of the slurry is maintained 
lower than 40° C for less than 30 min, the pH of the slurry 
comprising soy powder and water is maintained at pH 3.5 
to 5.5 while adding soy powder, the slurry is separated 
to soluble moiety and insoluble moiety, a second slurry 
is formed by suspending the insoluble moiety into water, 
the pH of the second slurry is adjusted to 6 to 8 to 
solubilize soy protein, the second slurry is separated 
to soluble moiety and insoluble moiety, the pH of the 
soluble moiety obtained from the second slurry is adjusted 
to the isoelectric point of protein to precipitate protein, 
the system is stirred slowly during acid precipitation 
so that the acid concentration does not increase locally, 
and the obtained protein precipitate is separated from 
the supernatant. 
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Concerning the Patent No. 12083 (1966) (Japanese Patent 
Publication No. 44-6211, Examined Application No. 
46-3826, published on the Patent Publication No. 1-385 
dated March 17, 1966), an amendment pursuant to Section 
64 of the Patent Law, was filed and advertised as follows. 

1. p. 4 right column, line 24 (line 15 of the Claim in the 
English translation): The phrase "by suspending the 
insolublemoiety into water" was amended to *by suspending 
into water without washing". 

2. p. 4 right column, line 29(line 10 of the Claim in the 
English translation): The phrase w to precipitate" was 
amended to w to precipitate under a condition that does 
not induce denaturation" . 
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